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(57) Currently, with optical time division multi- 
plexing, a switching node is operated at the 
peak transmission rate. For example, if the data 
' transmission rate is 10 Gbps, the line cards in 
the switching circuit are also required to oper- 
ate at this rate despite the fact that the switch- 
ing node does not actually need to access the 
data at this rate. Thus, the electronics, which 
includes the line cards at the switching node is 
expensive and less reliable than a low-speed 

design. Hn— this inventiorv— the— requirement of 

operating the switchings node electronics is 
eliminated by encoding the packet header field 
(22) at a lower rate than? the information in the 
data field (24). As a result, the line cards need 
only operate at the lower header rate. This is 
possible because the switching node does not 
need to process the data portion of the packet, 
but only the header information. The high- 
speed data portion (24) of the packet is not 
optically to electrically converted at the switch- 
ing node, but it passes almost transparently 
through the switching node. The invention also 
discloses overlapping several logical networks 
on the same physical network. 
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Technical Field 

this invention relates 'generally to optical net- 
Works , and more particularly to the method and 
! apparatus of bit encoding of an optical packet. 

Background of the Invention *"\ 

The advent of gigabit-per-secbnd packet net- 
" works has focussed the attention of opticaf network 
system designers on the heed to provide selected 
users with^'glgafeit-'pef-sScb'nci 'network access 
'together with a high-speed fauitiftlexing System which 
ca n * be u s ec- to access ! an " ' optica I ' cha n nel . One 
approach frequently suggested is the use of lower 
speed channels with L wavelengtfV divis^bn/nVuliiiDlex- 
ing. Unfortunately, since this approach requrres divi- 
ding or "choppihg" the high speed traffic Into multiple 
streams for transmission on' seyerai : channels / rela- 
tivefy complex traffic synchrpriizafibn^ 
sembly procedures are required at the receiving end. 
It is noted that statistical time division multiplexing 
does not suffer from this disadvantage. It does, how- 
ever, require electronic switching of multiplexed traffic 
at the peak channel rate. Switching sit tHis high rate is 
both complex and expensive because this is the rate 
^ at which a'.jine card of a switching node must operate. 
" For example, if the transmission rate of the'clata is 1 
, <3bps, the line catrd must detect and process thepack- 
etsat 1 Gbps. Very high speed Electro riics is^expen-^ 
sive and the ; technology is/ as ^of sufncfently 
mature/ ThOV, there is a heed to avoid lire limitations 
; of high speed'eiectrohics. ^ " " " ' v ^ 

Summary of the invention ' " 

Currently, with opticaf time division multiplexing, 
the switching node is operated at the peak transmis- 
sion rate. For exampl e, if the data transmission rate 
is 10 Gbps, the line cards in the sWitch in g circuit are"" 
alsb required to operate at this rate 'despite the fact 
that the switching nbde dbes hot actually ne/ed to 
access the data at this rate. Thus,^th'e electronics, 
which includes the line cards at the switching node, is 
Expensive and less reliable thari a low speed design; 
In this inventjon, the requirement of operating the 
switching node electronics at the high 1 speed jink bit 
rate is elirhinated by encoding the packet header field 
at' a lower rate than the infonriatibn in 1 the data field. 
As a resu It, the line card s n e e d dri I y o pe r& te at th e 
lower header fate. This is possible because the 
switching nbde does hot need toprocess the data por- 
tion of the packet, but 1 only the :: header J information. 
The high-speed data portion of the packet is not opti- 
cally to electrically converted at the switching node? 
but passes almost transparently thrbugh theswitching 
node. . * ' . ; ... r..w ■/ 



Brief Description of th'e^DraWing 

Fig. 1 is an illustratioabf a packet in accordance 
with the principle's of tfie4hvention; 
5 Fig. 2 is an illustratibnbf;^ switching structure in 

accordance with the principles ofthe invention for 
' ■switching and processing the packet of Fig. 1; 
Fig/! 3 is art : illUstrafiorl of a : network in accordance 
/ with the' principles of the invention' wherein sev- 
10 e ra I logical ! networks are overlayed as a single 

' 1 optical physical network; ' 
* ' Fig. 4 is an illustration of ah existing architecture 
[ " of a switching node of 3 multHhbp network; 
' Fig. 5 is ah ii lustra tioh of the architecture bf Fig. 
15 4 with low-speed line cards being substituted for 

the hiigh-speed fine cards; ' - ' v - '" > 
Fig; 6 is an illustration of an 8x8 Shuffienet; 
" s : ' ' Fig: 71s an III ustratiori ; of a switching node for use 
( in a :; sKUff1ehet network having a header rate of 
20 J " 100 Mbps and a data ra"te of 1 Gbps; 

' Fig. 8 is ah illustration of a Biazenet network 
w J ' Fig. 9 is an illustration of a switching "node in 
accordance with the principle of the invention for 
use in the network of Fig. 8; arid 
25 Fig. 1 0 is ari illustratibh of a network for rhulti-me- 

' " dium traffic- Tntegratioh in accordance with the 
'\ principles of the invention. 

Detailed Description : 

30' • , 1 

' Optical transtnissibri systems cSn be classified as 
'■' being "all opticaf nettvbrk" or "almost all optidal net- 
works." In r these networks; messages and/or packets 
„_:L_are converted to an: optical signal upoa_their_ehtry_intCL„ 
35 the* hetWork/ where they are then forwarded and 
l ^ swifched as optical signals'within the network: At the 
" d lest inatiohr'they arfe'cbh verted back into *an electrical 
r signal! The difference 1 between "ail" and "almost air 
• optical networks is tfiat in "almost ail* optical networks 
40 the data path is optical,- but the switching control is 
electronic 1 / In contrast, in *kH" 'optical "networks, the 
-corn pi ete network, the links, switching nodes arid net- 
1 ~ work interfaces r are fully optica); Thus, in the '*air opti- 
fcai 'network the logic elements and merhory are 
45 optical. An example of an "almost all" optical network 
is disclosed in the "IEEE Transactions on Communi- 
r ' catiohs", June, 1990; "Biazenet" by Z. Haas et al. An 
1 ' approach to ah "al I " : bptical network is disclosed in the 
J : "IEEE Journal on Selected Areas in Communi- 
st "caticrns", December 1986/ "Ulfrafast All-Optical 
Synchronous Multiple Access Fiber Networks" by 
P.R. Prucnal et al. ~ s : " c 

A primary reason for using an "almost all" optical - 
' network having an optical transport in cornbihation 
55 with 'electronic control pressing is to preserve the 
investment which has been made in hardware and in 
medte deployment as the network bit rate increases. 
Advances in optical hardware products may make the 
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electronic switchin^gj^s.of today's networks obso- 
lete. As noted in "ORT1 99 O Postconference Edition, 
San Francisco, CA, Jan. 22-25, 1990, "2aGbit/s 100 
km Non-Linear .transmission With Semiconductor 
Source" by I.W. Marshall et al.; the bandwidth dist- 
ance of 2000Gbps.kmJs achievable today. 

The main objection tooptical highrspe.ed time div- 
ision multiplexing is jhe requirement that the switching 
node must operate at the peak transmission rate. If, 
for example, the data^rainsrnission rate is ; 10 Gbps, 
than the line cards in, the switching node ; are also 
required to operate at this -rate,. .despite the fact that 
the switching node does not actually need to access 
the data at this rate. Electrpniqs operatmg at 10 Gbps 
are relatively. expensive and, in addition, the technol- . 
ogy is not fully developed, In this, invention,., we solve 
this problem, by separating the , switching operation 
,from the transmission operation^Such separation pro- 
vides the additional advantage.-of pemnjtting indepen- 
dent changes in the switching of the optical signals or 
in the transmission facilities. .Thus, for example, 
increasing the data rate to 100 Gbps requires virtually 
no change in the .switching, nodes. . _ .. 

In this invention, the separation is obtained by 
using different bit rates for the header field, the trailer 
field, and the data field of, the. optical packet Hence 
the name field coding. Referring to.Fjg. 1 , there is illus- 
trated a packet in accordance with the principles of the 
invention. In Fig. 1, the packet 2p can compose a 
header section 22, followed by a data section 24, 
which may be followed by a trailer section 26. When 
the, packet is formed, tiie^header section 22 and the 
trailer/section 26 are encoded with information at a 
.rate^whichJs compatible with the operating speed of. 
the electronic switching.or processing equipment. The , 
data section 24, however, is : encoded with, information 
.at A a rate whicji is compatible .with [ the^speed. of the 
transmission links. Since the switching node does not 
need to process the data section .of, ,the 4 packet, the 
switching node can operate, at, the lower header rate, 
and the fast rate data field can pass almost transpa- 
rently through the.switch. Thus, as the da ta portion of 
the.packet is not converted by the.switch from its opti- 
cal form to an electrical E signal, the structure for switch- 
ing the optical signal is that of an almost all optical ^ 
network. ,. , . ; 

- Referring to Fig. 2,. there is: illustrated a, structure 
in accordance with the principles of the invention for 
operating a switch at aspeed commensurate with the 
level of pressing required ,to . support a very, much „ 
higher.speed network operation. A signal comprising 
a packet of the type disclosed in.Fig.,.1. t which has a 
low rate header section.and a high rate data section, 
is transmitted from a station along an optical fiber link 
30- to an optical coupler 32. The optical coupler 3?, 
diverts a small portion of the optical signal in the opti- 
cal link 30 to a- low, speed receiver 34.. and thja.major 
portion of the. optical. signal is pass.ed by the coupler 



through a delay 36 to a photonic switch 40. The low 
speed receiver detects and reads the headeHnfor- 
mation of . the packet received at the lower header 
rate. The low speed electronic signal from the low 
5 sp^ed receiver is directed.to a, low speed electronic 
control 38, which is coupled to control the operation 
of a photonic switch 40 to direct the optical signatfrom 
the delay 36 to a desired optical link 42, 44 or 46, for 
.....transmission to tb.e header designated destination. 
10 [ Other "operations' based o low- 
■ t . , ^ speed header may be performed. . . . 
".,[ . ' Tjji^ the. transmission path 

. i J.J£roughVh.e^ temporarily 
!/.! 0 delay^dJn the delay line, 36. to compensate for the 
15 * ^electrical cohtroLprpce^si rig -time arid for the time 
.". required [to. activate the photonic switch 40. It is to be 
! ^:?n^ted that the high rate data signal, is not pressed at 
SZ^'^^.y^9 the switching dpe/ation.''f hus; it can 
"[Z- be stated thsit ^tj.Cswifcfiing^res's. is.transparentto the 
20 1 ' high rate data infon^atipn^Qptical amplification of the 
. , ^pptiqal signal, may be required, depending on the net- 
, v work, parameters.. ,. ... 

1 The, need, forgery fast electronic memories for 
.^ eiectronjc switches iff one of the parameters that 
25. [\ (determihes.how fast a switching, node can operate. In 
/. t! T* ppticaljmplementatipn, th^ optical memory, can' be a 
,r .problem. Large \and. fast .optical^ random, access 
v . memprjes.are Difficult Jtd jmplement..' Some ; architec- 
^, tures.such Y as, fpr.example, Blazenet,^ this 
30 "^(imitatijon of ptip^cy^Q^ by employing" an alternative 
. ^n^^pirk architecture that effectively reduces prtoday 
t' , "elir^ need for local, buffering /within the 

switching nodes. In Bfazenet, foc^example., it js done 

by^utjljzingjhe inhe rent sto rage of the optical m edia 

35 to provide buffering. Contention resolution can be per- 
formed in "almost all" optical networks by " 
t ,„ ejazenet/Blazelan line architecture, , 

^ . ^ !: T Hot potato routing, , : . , 

/ ' t 1,7-. Local optical delay-lihe r ~b,uffering/and/or other 
44,7. 77 approaches^ . „ " s . v . .. ; 
Z fV/ • lV is possible to implement the icjea of field coding 
7\,by Time Qivisiph Multiplexing JtXO.folj, Wavelength 
7,7 Djyjsioh Muitipjexirig (VVDM) or Space Division Multi- 
r\ pl ( exing ; (SDM), Thus, the Ipw-speed control channel 
45 f . .can be realized as'¥me-mujtiplexed on the same 
7*. channel (TDM),. on a different way elength (WDM), or 
* even as^a totally different fiber (SQM). An advantage 
r . ;t .. of the TP M system is that jt read ify provide framing 
^ . : . [ ii nf orrn atjo n . . H owey er, somj? of th e d ata channel 
5p . capacity is wasted due to thejow rate header. In WDM 
... andSDM this wasted capacity, can be confined to a 
separate .channel to .increase the' available data 
' . .' .capacity. However;, VVDM and SD'M may be more 
^ ; expensiye.to implem.eht and impractical in long span 
55 ^ netwprk, because pf the synchrpjiization problem. 

^^Befjejring.to Fig, 3, there 'are illustrated several 
logical networks overlaid on a single physical network 
using the principles of this invention. For example, 
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assume.an^ehvifo^ment where there is a need for an 
interconnect network to support' three separate net- 
works such as 10 Mbps '(Ethernets) 50,' 100 Mbps 
Fiber Data Distribution Interface (FDDIs) 52, and 1 
Gbps (high speed LANs) 54 coupled to form a ring. It 
is, of course, possible to build three separate physical 
networks. However,' another approach is to integrate 
all the three networks oh the same physicai networks, 
by using the field-coding ^ techhjque. Such an arrange- 
ment is shown in Figure' 3. The header'structure on 
the ring contains a simpl^^^ to identify 

network a packet belongs to; Every ; node has the 
capability to read the low-speed head deter- 
mine whether the packet belongs to its network. If so, 
this packet may be extracted from the ring, by the 
receiver that is compatible With the data' rafie of the 
"packet; If not, the data-field is not read; Thus, for 
example, only 10 Mbps 'capability is required in the 
nodes that beidng to "the 1 0 Mbps network.The major 
advantage of such an arrangement is that it/educes 
the amount of required fiber! i:e v a single' physical 
media is shared by several different and distinct net- 
works. Moreover, upgrading a network nodes 
"requires changes only in the node design, riot in the 
" fiber routing. Thus, for instance, there W ho need for 
any fiber rerouting for a customer that is con nected to 
"the 10 Mbps network and rieeds a new bonnection to 
the 100 Mbps network. " 5 

Encoding the header and the data at different sig- 
naling rates, as disclosed here, is particularly attrac-' 
tive in multi-hop networks. In multi-hop networks, the 
switching nodes must examine a packet upon its arri- 
val to determine on which output port the packet is to 
be sent_lf_the header is_low_-rate_encoded,Jhe.Jine .„ 
card circuits that are responsible for examining the 
packet header can be significantly simplified. This is 
illustrated in Figs. 4 and 5. 

Fig. 4 illustrates the architecture in use today. Fig. 
5 illustrates the architecture which can be substituted 
for the currently used architecture when using the 
principles of the invention. In Fig. 4 each of the vinous 
high speed line cards 60, 62, 64, 66, 68 and 70 can 
be removed and replaced with low speed line cards 
72, 74, 76, 78, 80 and 82 as shown in Fig. 5. 

Of course, the local traffic still needs to be mod- 
ulated/received by a high speed transmitter/receiver. 
However, this requires only a single high-speed trans- 
mitter/receiver per switching node. Thus, the saving is 
very dramatic in a network with nodes that have a 
large number of incoming/outgoing links. 

In a hot-potato network, a packet that cannot be 
forwarded on the required link because the link is 
used by another packet, is sent on another thee link, 
possibly even in the wrong direction. Hot-potato net- 
works do not require switching memory and, theref- 
ore, are suitable for "almost-atl" optical implemen- 
tation. The issue of resolution of contention is non- 
existent in a hot-potato routed network because 



^blocked packets need ribl %i stored. A possible hot- 
potato architecture is Shuffie r net network as illustrated 
' in Fig'. 6. See "AT&T Technical Journal Nov/Dec '87, 
" "Terabit Lightwave ; Networks; The MUltihop 

5 Approach" pages 21 -34/' ' " Jl 

A Shufflehet switching node design, when using 
' field cbding in accdrdarice with the principles of this 
invention With % jow rafe header and high speed data, 
is illustrated in Fig.' 7. It is to be noted that the two line 

10 cards 90, 92 are designed to operate at the lower rate. 
Only the local traffic transmitter 94 and receiver 96 
need to have high speed capability. 

Blazelan is an "almost-all" optical network. See 
U^S. F»atent #4,970,717! It uses the fiber link storage 

15 as contention buffering scheme; i.e., blocked packets 
are recirculated in the optical links. Blazelan is a par- 
( ticularly attractive scheme to be used in conjunction 
with 'the' field-coding technique, since the contention 
is resolved without the need to locally buffer the data. 

20 " The network is "targeted towards very high-speed 
communication with the ; ! simple 4 source-routing 
algorithm. Moreover, it is a multi-hop network, and, 
therefore most of the traffic handled by an "average" 
switching node is through traffic rather than local traf- 

25 fic, arid data field of through traffic' need not to be 
detected. In fact, the connectors that are used to 
increase the distance between switching nodes have 
no local traffic, and therefore can be built inexpen- 
sively. Moreover, since the I obp-re plication technique 

30 that is used to reduce the effect of input queue ing on 
the Blazelan switch performance' increases the num- 
ber of line-cards, the field-coding technique may con- 
siderable reduce the cost of the implementation of the 
loo p-re pi icatio n tech njqy e An examp le of a Blazelan 

35 network is illustrated in Fig. 8 and an illustration of a 
switching node for use in the network of Fig. 8 which 
operates with a field coded packet, as here disclosed, 
is illustrated in "Fig. 9. 

High-speed user access is an important 

40 challenge the research 'community is struggling to 
r , 'sofve. As, local-area networksare mcreasing in speed, 
'there is a need for high-speed interconnection, so that 
the high-speed user access will not be slowed down 
by the interconnection bottleneck. An approach would 

45 1 be'tb use a Metropolitan Area Network (MAN). Unfor- 
tunately, MANs are designed today to support speeds 
comparable with LANs. Thus interconnecting LANs 
with MANs results in the interconnection bottleneck. 
Consequently! a new type of interconnection is 

50 needed that will be able, on one hand, to support user 
rates comparable to the LAN rates and, on the other 
hand, provide aggregate throughput well above single 
user access. Moreover, such a network is Required to 
provide connectivity among different and incompat- 

55 ible LANs. We have : presented subh an interconnec- 
tion scheme that is based on the separation of 
transmission 5 from switching. The' ever increasing 
transmission rates will have virtually no effect on the 
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design of the switchipg Jiardware. Thus the field-cod- 
ing scheme presei^esp^yestment. Moreover, diffe- 
rent gnd distinct : ne^o/ks {can be integrated over the 
sarpe optical subaet.T^s may be in particular attrac- 
tive to achieve mufti-media traffic integration, espe- 
cially, since users may require different services. 
Thus, for exampje, if a user requ ires nb vid^o, the user 
connection to the video/ate may be missing. Such an 
arrangement is shown in.Fjgure.il). . ' 



Claims 

1. The method of encoding , an optical packet.having 
a. header field portion and a data field portion 

^ comprising the steps of , * . 

encoding header infpim^tiori jn . said 
header field portion of said packet af a first bit 
rate! and , , ...... 

encoding data information in said dSta.field 
[ portion of said packet at a second bit rate different 
than that of said first rate/ 

2. The method of claim V* . 

wherein s^id second bit rate is higher than 
said first bit rate, _ 

,3. The method of claim 2 wherein s?id packet has a 
trailer field portion , f ; 
further comprising th^ step of 
encodjng tailer information - \ri. said frailer 
field .' ^ '.. ; . ' ; , /' ... V- 

portion at .3 bit, rate substantially equal to 
/I that of said first bit rate. 



4. The method of claim 1 - - ~ 

further comprising tti^ steps of f 
forming a second packet having a header 

field portion and a data field portion, 

v . encpding T header .information in said 

header Jield portion of said second packet at a 

third bjt rate .which is equal to that of said first bit 

rate, and 

encoding data information in" said data field 
portion of said second packet at a fourth bit rate ; 
which is different from that of said first, second 
' and third bit rates. ' . , 

5. The method of claim 4 wherein said second 
packet has a trailer field portion ' . _ 

further comprising the. step of ^ 
encoding trailer .information in said trailer 

fiefd. ' ' 7 : "J" ^ \ 

po rtio n, of said secq rid p acke t at a bit "rate 

substantially equal to that of said first bit rate. 
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where information encoded in said header field 
portion is encoded at' a first rate^ that is different 
. from a seco nd .rate at yy h ich ' 'In fo rrhatio n is 
encoded in said data field portion J„ 
[ r{ ^ comprising' . ' \ 

receiver means adapted 1:6 read and ^con- 
vert from e optical to electrical form only the infor- 
mation encoded at said firet rate in said packet, 
control means coupled to receive electrical 
signa|s.from said receivet^means, 

"I ... optical coupler means coupled to pass a 
..received', bpi'ical " packet both to said receiver 
means knd to an optica! delay means, and 

„' p'pticarswitchin having an optical 

' Vnputp^h a'n4 at least two qpticaf output ports for 
^control l<abl£ switching, an optical packet at said 
input port to ah output port controlled by signals 
from said control means to switch the packet from 
t said, delay means'lp a selected output port. 

The switching hdd^.of claim 6 
.comprising,. 
: ^ " delay means interposed between said 
optical coupler and said optical switching means 
to prevent the packet from the coupler from reach- 
ing the input port of the switching' means before 
said switching means is activated by signals from 
the control means. \ „ 
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6. A switching node for an optical packet having at 
least a header field portion and a datafield portion 
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